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(57) [Abstract] 

[Objective] Controlling crystal orientation of hexagonal crysta 
1 boron nitride, you obtain insulating sheet etc which thethermal 
conductivity is improved. 

[Constitution] Arranging parallel surface of crystal 2 of hexag 
onal crysta] boron nitride, in thickness direction, itconnects 
between crystal 2 with binder 3. 
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[daim(s)] 

[Claim 1] Arranging crystal parallel surface of hexagonal cryst 
al boron rdtride in thickness direction, insulating sheet 
whichdesignates that it connects between crystal with binder 
asfeature. 

[Claim2] Insulating sheet which is stated in Claim 1 insulating 
sheet which designates thatthe rretal sheet it formed at least in 
one surface as feature. 

[Claim 3] Metal circuit board which designates that it formed i 
nsulating sheet which in one surfaceof metal sheet is stated in 
Gaim 1 as insulating layer as feature. 

[Claim 4] Hexagonal crystal boron nitride which is mixed with 
binder along3ide crystal parallel surface stepwhich is accumulated 
with sequential gravity . step which sets this deposit. Cutting 
offin built up direction, manufacturing method of insulating 
sheet which designates thatit includes step which arranges 
crystal parallel surface in thickness direction asfeature. 

[Claim 5] Static charge doing crystal of hexagonal crystal bor 
on nitride, it designates that it includesthe step which in 
counterelectrode arranges crystal parallel surface of hexagonal 
crystal boron nitride in thethickness direction as feature, 
manufacturing irethod of insulating sheet. 
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[Claim 6] While crystal of hexagonal crystal boron nitride sta 
tic charge it is done it designates thatthe resin of binder is 
hardened as feature in manufacturing rrethod of theinsulating 
sheet which is stated in Claim 5, manufacturing msthod of 
metal circuit board. 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] As for this invention, heat whic 
h occurs from power transistor and theintegrated circuit or 
other heat emission property electronic part, insulating sheet 
which is superior in electrically insulating property and thermal 
conductivity which dothe conducted heat in metal substrate and 
heat radiating fin etc, It regards metal circuit board and those 
manufacturing method which used that. 

[0002] 

[Prior Art] Until recently, paper * phenolic resin and glass * e 
poxy resin or other resin substrate were mainly used as printed 
circuit board. But, recently how it treats hi gh density 
occurrence of heat which itoccurs making high performance of 
electronic equipment, attendant upon miniaturization and 
high densification,with that, because it becomes problem, with 
conventional resin substrate, it was notpossible to cope with this 
kind of problem 

[0003] In order with these conventional resin substrate of name 
ly„ thermal conductivity being low, for theheat dissipation 
characteristic to be bad, to let flow especially largp current with 
circuit whichis designed, there was a possibility breakage of 
doing capacitor andthe transistor etc depending upon heat In 
addition, until breakage it does not do, there was a problem 
thatthe electrical property changes largely. In order to 
overcome this kind of problem, recently, epoxy resin or other 
org9nic insulator isprovided in surface of metal sheet where 
aluminum or other thermal conductivity is good,furtherrrore on 
that, metal printed board of structure which sticks copper foil 
etcwhich forms circuit is used. But, with this kind of structure, 
organic type insulator where thermal conductivity is bad withthe 
circuit and metal sheet existed, it was not possible to utilize 
thecharacteristic of high heat conduction of metal sheet to 
fully. 

[0004] In addition, because resin (insulating sheet) where therm 
al conductivity is low even with the heat emission property part 
and heat radiating fin exists, it was not possible to utilize higji 
heat conductioncharacteristic of metal sheet to fully. Until 
recently, inorgpnic filler, for example mica, alumina, silica 
and the boron nitride etc with unit, or there were some which 
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jointly use thesein mica insulating sheet and synthetic rubber, as 
this insulating sheet, ( Japan Unexamined Patent Publication 
Showa 54 -61253 disclosure reference). 

[0005] 

[Problems to be Solved by the Invention] But, mica insulating s 
heet is easy to crack when using in addition, inorganic 
fillerentering synthetic rubber sheet thermal conductivity is not 
fully. Furthermore, value of thing ( alumna ) which uses also 
those which use the boron nitride with oxide unit there was not 
a big difference, thermal conductivity it wasa 0.42 w/mK extent 
and merit which utilizes expensive boron nitride powder did not 
do raw. As for this invention being something which can be 
done in order to solvethe such problem, purpose, controlling 
crystal orientation of hexagonal crystal boron nitride, 
theinsulating sheet which thermal conductivity is improved is to 
offer metal circuit board and thosemanufacturing method which 
used that. 

[0006] 

[Means to Solve the Problems] In order to achieve aforementio 
ned objective, this invention, in lst,arranging crystal parallel 
surface of hexagonal crystal boron nitride in thickness 
direction, designates that it is ainsulating sheet which connects 
between crystal with binder as feature. In 2nd, insulating sheet 
it designates that it i s a insulati ng sheet which themetal sheet 
was forrred at least in one surface as feature. In 3rd, it 
designates that it is a metal circuit board which formed insulating 
sheetin one surface of metal sheet as insulating layer as feature, 
hexagonal crystal boron nitride which is mixed with binder to 
4th, alongside thecrystal parallel surface step which is 
accumulated with sequential gravity . step which sets this 
deposit. Cutting off in built up direction, it designates that it is 
a manufacturing method of theinsulating sheet which includes 
with step which arranges crystal parallel surface in thethickness 
direction as feature. In 5th, static charge doing crystal of 
hexagonal crystal boron nitride, it designatesthat it is a 
manufacturing method of insulating sheet which includes with 
step which inthe counterelectrode arranges crystal parallel 
surface of hexagonal crystal boron nitride in thickness direction 
as feature. In 6th, while crystal of hexagpnal crystal boron 
nitride static charge it is done itdesignates that it is a 
manufacturing method of metal circuit board which hardens 
resin ofthe binder as feature in aforementioned manufacturing 
method. 

[0007] 

[Work or Operations of the Invention] Hexagonal crystal conv 
ersion boron in aforementioned constituting is a anisotropyof 
thermal conductivity, value differs largely depending upon 
crystal direction . And, as for thermal conductivity of crystal 
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parallel surface with 60 w/mK, as for thermal conductivity ofthe 
crystal perpendicular surface it is a 2 w/rriK. Because by way, 
conventional insulating sheet, like Figure 1, orientation control 
had not donethe crystal 2 of boron nitride which binder 3 is 
mixed, it was almostsarre as thermal conductivity 23 w/mKof 
alumina. 

[0008] This invention, like Figure 2, centrifugal force , gravit 
y and magnetic force , makinguse of electrostatic force or 
other power crystal 2 of hexagonal crystal boron nitride in 
flaked, has arrangedthe crystal parallel surface in thickness 
direction in other words to stick crystal parallel surface. 
Because of this, from hexagonal crystal boron nitride high 
filling contact with binder whereat same time thermal 
conductivity is low to decrease, it to be possible, beable to 
arrange crystal parallel surface where thermal conductivity of 
hexagonal crystal boron nitride is good in thethickness direction, 
anisotropy of thermal conductivity of hexagonal crystal boron 
nitride can be utilized in thesatisfactory. In addition, this 
insulating sheet by fact that metal sheet where thermal 
conductivity ishigh it forms at least in one surface, insulating 
sheet where heat discharge property ishigfier can be drawn up. 

[0009] Next, this invention alongside crystal parallel surface ac 
cumulating with sequential gravity , thisdeposit compressing 
with centrifugal force , as it sets binder, cutting oflfthe 
hexagonal crystal boron nitride which is mixed with binder thin 
in built up direction, has triedto arrange crystal parallel surface 
in thickness direction in manufacturing method of this 
insulating sheet In addition, manufacturing method of another, 
it gives electric charge to mixed solutionof binder and 
hexagonal crystal boron nitride, crystal of hexagonal crystal 
boron nitride static charge does. When this time, electric 
charge concentrates on sharp part of crystal,forms in 
counterelectrode it is something which utilizes fact that 
thecrystal parallel surface is arranged in built up directioa 

[0010] 

[Working Examples)] Working Example where this invention 
is desirable below, on basis of the drawing is explained 
concretely. Regardingto this invention, arranging crystal 
parallel surface of hexagonal crystal boron nitride in thickness 
direction^ designates that it is a insulating sheet which 
connects between crystal withthe binder as feature. As shown in 
Figure 2, as for this insulating sheet 1, crystal parallel surface of 
hexagonal crystal boron nitride 2 isarranged in thickness 
direction, at same time between of crystal isconnected with 
binder 3. 

[001 1] Next, manufacturing method of this insulating sheet is e 
xplained on basis of flow chartof Figure 4. First, hexagonal 
crystal boron nitride (BN) and binder are mixed in step 10. As 
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this binder, those which have rubber elasticity which possesses 
electrically insulating property, for example silicone rubber 
and fluororubber etc or thermal curing resin , for example 
epoxy resin and phenolic resin etcor it is a metal alkoxylate 
compound and a for example ethyl silicate etc. Furthermore, 
in addition orgpnic solvent and water , alcohol etc 
tosuitableness with types of binder it is good, epoxy resin and 
hexagpnal crystal boron nitride and, as binder until with MEK 
solution itbecomes primary particle, are agitated with high- 
speed stirrer. 

[0012] In addition, hexagonal crystal boron nitride (BN) is accu 
mulated in step 12, with gravity . In this case, you insert MEK 
solution of viscosity 100 to lOOOOcps and preferably 200 to 
2000 cps in thecell, 1 week you leave in sealed container which 
does not have thevibratioa natural and settling doing withjust 
its own weight of hexagonal crystal boron nitride, the crystal 
surface is designated as under, it is a method which orientation is 
done. 

[0013] After 1 week leaving, it applies on centrifuge, it compre 
sses with the centrifugal force ( step 14). In other words, if 
only it accumulated, interval of filler to belargp, because it has 
become kind of state where snow waspiled, when drying, binder 
between filler to be many remainderand thermal conductivity 
becomes small. Because of that, compressing with centrifugal 
force, it removes binderbetween filler, filler contacts more, 
deposition method is not limited in this, if something which is 
accumulated inthe flaked should have beea 

[0014] After this, scatter doing solvent, drying solidification i 
t does withheating( step 16). After solidification, like step 18, 
slice it does in 0.1 mm extent, with suchas slice cutter 4 like 
step 20, it obtains insulating sheet la width at time of slice is 
decided by thickness of thenecessary sheet. This time, 
thickness direction of sheet la, like Figure 7, in order to 
becomeparallel with crystal direction, you place on table 5, cut 
off in perpendicular direction In order preferably , for sheet 
which is cut off not to be brokenwith impact after cutting off, it 
should have cut off in silicon gel. 

[0015] In addition, regarding to this invention, aforementioned 
insulating sheet 1 a itdesignates that metal sheet it formed at 
least in one surface as feature, production step is shown in 
Figure 5, manufacturing method of insulating sheet lb is 
explainedbelow, on basis of this flow chart. In step 30 of same 
Figure, it is similar to aforementioned Working Example,to mix 
hexagpnal crystal boron nitride (BN) and binder, with step 32, 
positive electric charge is gjven tothe hexagonal crystal boron 
nitride (BN). In addition, ground doing metal sheet 6 in step 
34, with electrostatic force itarranges crystal parallel surface of 
hexagonal crystal boron nitride (BN) in thickness direction by 
static charge doing inneg^tive number. Next, like step 36, 
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solidification doing binder on metal sheet 6 withheating, it 
forms insulating layer lb, like step 38, it obtains insulating 
sheet 1 a'. 

[0016] Furthermore, regarding to this invention, it designates t 
hat it is a metal circuit boardwhich formed aforementioned 
insulating sheet in one surface of metal sheet as theinsulating 
layer as feature, in Figure 3, shows schematic cross sectioa As 
been clear with same Figure , insulating layer 1 a is formed this 
metal circuit board la by theone surface of metal sheet 6, 
copper foil 7, furthermore heat emission element 8 is formed 
on thaton this insulating layer la 

[0017] Below, on basis of flow chart of Figure 6, manufacturing 
method of this metal circuit boardis explained. First, it is 
similar to aforementioned WoricingExanpletorrix hexagonal 
crystal boron nitride (BN) andthe binder in step 40, to give 
electric charge to hexagonal crystal boron nitride (BN) in step 
42,with electrostatic force to arrange crystal parallel surface of 
hexagpnal crystal boron nitride (BN) in thickness direction in 
the step 44. 

[0018] Next, in order to give; seM^^ 
aves binder inthe semicured (B stage) state, forms irisulatirig ^ ; 
layer 1 b on metal sheet 6, it superposes rretal foil 7fromon 
this insulating layer lb in step 48, does pressure bonding with 
such as' heated- press: In this way, like step 50, metal foi 1 7 
doing etching treatment , etc metal circuit board la" youobtaia 
Furthermore, remelting doing insulating sheet of semicured (B 
stage) state at time of thetherinobonding in above-mentioned 
step 46, it glues, or applies adhesive andis gpod pasting together. 

[0019] [Working Exarrple 1] It nixes this binder and hexagpna 
1 crystal boron nitride (BN) of average grain shape 30 [am as 
binder, makinguse of those which melt thermal vulcanization 
type silicon rubber intrichloroethane, uses the mixer homo 
mixer (Special machine processing make) and 1 hour disperses, 
viscosity is approximately 1 500 cps. You insert thus solution in 
special cell, leave in 1 week unvibrating chamber, after that, 
this cell is applied on centrifugal separator, deposit 
iscompressed. after that, you throw away supernatant, dry 
with ambient temperature,the scatter do trichloroethane. 
thermal vulcanization was done next, insulating sheet of 0.2 
mm was drawn up. 

[0020] [Working Example 2] As binder, you use those which m 
elt bisphenol type epoxy resin inMEK, thehexagonal crystal 
boron nitride of average grain shape 10 |jm use 1 hour 
disperse mixer homo mixer (Special machine processing make). 
This nixed solution, it gives positive electric charge in air to 
atomized state and static charge does. liquid which static charge 
is done, with spray is applied tonegptive number on copper 
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[0024] 



sheet (0.3 mm) which static charge is done, scatter doing 
solvent, you apply heat, harden resin and drawup insulating 
sheet. 

[0021] [Working Example 3] Mixed solution of Working Exam 
pie 2, in same way as Working Exanple 2, positive electric 
charge isgiven in air to atomized state, liquid which static 
charge isdone,with spray is applied to negative nurriber on 
aluminum sheet (3 mm) which thestatic charge is done. While 
electric charge was applied scatter doing solvent, you apply 
heat,harden resin. However, it made semi cured (B stage) state, 
superposed copper foil of 35 prr\ pastedtogether with hot 
press and drew up metal substrate. 

[0022] [Comparative Exanple 1] Denki KagakuKogyo Kabush 
iki Kaisha (DB 69-056-8985) make " Denka heat release sheet 
M BFG -45 

[0023] [Comparative Exanple 2] Denki Kagaku Kogyo Kabush 
iki Kaisha (DB 69-056-8985) make metal substrate " Denka 
HITT plate " each Working Example , Comparative Example 
is shown in Table 1. 

[0024] 
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[0025] 

[Effects of the Invention] Above you explained sort, As for thi 
s invention, Arranging crystal parallel surface of hexagonal 
crystal boron nitride in thickness direction, cora^irc be|w«m 
thecrystal with bindeTjintJis way, by fact thai metal sheet it s 
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[Brief Explanation of the Drawings)] 

[Figure 1] It is a cross section which shows crystal structure of c 
onventional insulating sheet. 

[Figure 2] It is a cross section which shows crystal structure of in 
sulating sheet of this invention 

[Figure 3] It is a schematic cross section of metal circuit board o 
fthisinventioa 

[Figure 4] It is a figure which shows flow chart of manufacturing 
method of insulating sheet. 

[Figure 5] It is a figure which shows flow chart of manufacturing 
method of insulating sheet. 

[Figure 6] It is a figure which shows flow chart of manufacturing 
method of metal circuit board. 

[Figure 7] It is a figure which shows external appearance of fixtu 
re which is used forthe production of this inventioa 

[Explanation of Reference Signs in I>awings] 

l,la,la' 

Insulating sheet 

la" metal circuit board 

2. crystal of hexagonal crystal boron nitride 

3 binder 

4 cutter 



[Figure 1] 
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[Figure 2] 
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[Figure 3] 
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[Figure 7] 
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[Figure 4] 
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[Figure 5] 
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[Figure 6] 
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[Amendment] 

[Submission Date] 1992 December 9 day 
[Amendment 2] 

[Section of Amendment] Specification 
[Amendment Item] Entire text 
[Amendment Method] Modification 
[Content of Amendment] 
[Document name] Speci fi cation 

[Title of invention] Insulating sheet metal ci rcuit board and th 
ose manufacturing method which used that 

[daim(s)] 

[Claim 1] Arranging crystal parallel surface of hexagonal cryst 
al boron nitride in thickness direction, insulating sheet 
whichdesignates that it connects between crystal with binder 
asfeature. 

[Claim2] Insulating sheet which is stated in Claiml insulating 
sheet which designates thatthe metal sheet it formed at least in 
one surface as feature. 

[Claim 3] Metal circuit board which designates that it formed i 
nsulating sheet which in one surfaceof metal sheet is stated in 
Claim 1 as insulating layer as feature. 

[Qaim4] Hexagonal crystal boron nitride which is mixed with 
binder alongside crystal parallel surface stepwhich is accumulated 
with sequential gravity . step which sets this deposit Cutting 
off in built up direction, manufacturing method of insulating 
sheet which designates thatit includes step which arranges 
crystal parallel surface in thickness direction asfeature. 

[Claim 5] Static charge doing crystal of hexagonal crystal bor 
on nitride, it designates that it includesthe step which in 
counterelectrode arranges crystal parallel surface of hexagonal 
crystal boron nitride in thethickness direction as feature, 
manufacturing method of insulating sheet. 

[Claim 6] Static charge doing crystal of hexagonal crystal bor 
on nitride, while in counterelectrode it arrangesthe crystal 
parallel surface of hexagonal crystal boron nitride in thickness 
direction it designates that resin ofthe binder is hardened as 
feature, manufacturing method of metal circuit board. 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention, heat which occ 
urs from power transistor and integrated circuit or other heat 
emission property electronic part,the insulating sheet which is 
superior in electrically insulating property and thermal 
conductivity which conducted heat are done regards metal 
circuit board and those manufacturing method which used that 
in the metal substrate and heat radiating fin etc. 

[0002] 

[Prior Art] Until recently, paper * phenolic resin and glass * e 
poxy resin or other resin substrate were mainly used as printed 
circuit board. But, recently how it treats high density 
occurrence of heat which itoccursn^nghig^ performance of 
electronic equipment, attendant upon miniaturization and 
high densification,with that, because it becomes problem, with 
conventional resin substrate, it was notpossible to cope with this 
kind of problem 

[0003] In order with these conventional resin substrate of name 
ly„ thermal conductivity being low, for theheat dissipation 
characteristic to be bad, to let flow especially large current with 
circuit whichis designed, there was a possibility breakage of 
doing capacitor andthe transistor etc depending upon heat In 
addition, until breakage it does not do, there was a problem 
thatthe electrical property changes largely. In order to 
overcome this kind of problem, recently, epoxy resin or other 
organic insulator isprovided in surface of metal sheet where 
aluminum or other thermal conductivity is good,furthenrore on 
that, metal printed board of structure which sticks copper foil 
etcwhich forms circuit is used. But, with this kind of structure, 
organic type insulator where thermal conductivity is bad withthe 
circuit and metal sheet existed, it was not possible to utilize 
thecharacteristic of high heat conduction of metal sheet to 
folly. 

[0004] In addition, because resin (insulating sheet) where therm 
al conductivity is low even with the heat emission property part 
and heat radiating fin exists, it was not possible to utilize high 
heat conductioncharacteristic of metal sheet to folly. Until 
recently, inorganic filler , for example mica , alumina, silica 
and the boron nitride etc with unit, or there were some which 
jointly use thesein mica insulating sheet and synthetic rubber, as 
this insulating sheet, ( Japan Unexamined Patent Publication 
Showa 54 -61253 disclosure reference). 

[0005] 

[Problems to be Solved by the Invention] But, mica insulating s 
heet is easy to crack when using, in addition, inorganic 

P.15 
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fillerentering synthetic rubber sheet thermal conductivity is not 
fully. FurthermDre, value of thing ( alumina) which uses also 
those which use the boron nitride with oxide unit there was not 
a big difference, thermal conductivity it wasa 0.42 w/mK extent 
and merit which utilizes expensive boron nitride powder did not 
do raw. As for this invention being something which can be 
done in order to solvethe such problem, purpose, controlling 
crystal orientation of hexagonal crystal boron nitride, 
theinsulating sheet which thermal conductivity is improved is to 
offer metal circuit board and thosemanufacturing method which 
used that. 

[0006] 

[Means to Solve the Problems] [n order to achieve aforementio 
ned objective, this invention, in lst,arrangjng crystal parallel 
surface of hexagonal crystal boron nitride in thickness 
direction, designates that it is ainsulating sheet which connects 
between crystal with binder as feature. In 2nd, insulating sheet 
it designates that it is a insulating sheet which themetal sheet 
was formed at least in one surface as feature. In 3rd, it 
designates that it is a metal circuit board which formed insulating 
sheetin one surface of metal sheet as insulating layer as feature, 
hexagonal crystal boron nitride which is mixed with binder to 
4th, alongside thecrystal parallel surface step which is 
accumulated with sequential gravity , step which sets this 
deposit, Cutting off in built up direction, it designates that it is 
a manufacturing method of theinsulating sheet which includes 
with step which arranges crystal parallel surface in thethickness 
direction as feature. In 5th, static charge doing crystal of 
hexagonal crystal boron nitride, it designatesthat it is a 
manufacturing method of insulating sheet which includes with 
step which inthe counterelectrode arranges crystal parallel 
surface of hexagonal crystal boron nitride in thickness direction 
as feature. In 6th, static charge doing crystal of hexagonal 
crystal boron nitride, while in the counterelectrode it arranges 
crystal parallel surface of hexagonal crystal boron nitride in 
thickness direction it designatesthat resin of binder is hardened 
as feature. 

[0007] 

[Work or Operations of the Invention] Hexagonal crystal conv 
ersion boron in aforementioned constituting is a anisotropyof 
thermal conductivity, value differs largely depending upon 
crystal direction . And, as for thermal conductivity of crystal 
parallel surface with 60 w/mK, as for thermal conductivity ofthe 
crystal perpendicular surface it is a 2 w/mK. Because by way, 
conventional insulating sheet, like Figure 7, orientation control 
had not donethe crystal 2 of boron nitride which binder 3 is 
mixed, it was almostsame as thermal conductivity 23 w/mK of 
alumina. 
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[0008] This invention centrifugal force , gravity and magneti 
c force , making use of electrostatic force or otherpower 
crystal 2 of hexagpnal crystal boron nitride in flaked, has 
arranged crystal parallel surface inthe thickness direction in 
other words to stick crystal parallel surface. Because of this, 
from hexagonal crystal boron nitride high filling contact with 
binder whereat same time thermal conductivity is low to 
decrease, it to be possible, beable to arrange crystal parallel 
surface where thermal conductivity of hexagonal crystal boron 
nitride is good in thethickness direction, anisotropy of thermal 
conductivity of hexagonal crystal boron nitride can be utilized 
in thesatisfactory. In addition, thus insulating sheet by fact that 
metal sheet where thermal conductivity ishigh it forms at least 
in one surface, insulating sheet where heat discharge property 
ishigher can be drawn up. 

[0009] Next, this invention alongside crystal parallel surface ac 
cumulating with sequential gravity , thisdeposit compressing 
with centrifugal force , as it sets binder, cutting offihe 
hexagpnal crystal boron nitride which is mixed with binder thin 
in built up direction, has triedto arrange crystal parallel surface 
in thickness direction in manufacturing method of this 
insulating sheet. In addition, manufacturing method of another, 
it gives electric charge to mixed solutionof binder and 
hexagonal crystal boron nitride, crystal of hexagonal crystal 
boron nitride static charge does. When this time, electric 
charge concentrates on sharp part of crystal,forms in 
counterelectrode it is something which utilizes fact that 
thecrystal parallel surface is arranged in built up direction 

[0010] 

[Working Example(s)] Working Example where this invention 
is desirable below, on basis of the drawing is explained 
concretely. With this invention, arranging crystal parallel 
surface of hexagpnal crystal boron nitride in thickness 
direction,connecting between crystal with binder, in this way, 
metal sheet itformed insulating sheet which it is possible at least 
in one surface. Like namely, Figure 1, as for insulating sheet 1, 
crystal parallel surface of hexagonal crystal boron nitride 2 is 
arrangedin thickness direction, at same time between of crystal 
is connected withthe binder 3. This insulating sheet 1 of also, 
metal sheet is formed at least in one surface. 

[001 1] With also, this invention, metal circuit board was forme 
d in one surface of metal sheet withthe aforementioned 
insulating sheet as insulating layer. In Figure 2, cross section is 
shown. This metal circuit board la of namely, " insulating 
layer la is formed, by one surface of the metal sheet 6, copper 
foil 7, furthermore heat emission element 8 is formed on that 
on thisinsulating layer la 

[0012] Furthermore, with this invention, hexagonal crystal bor 
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on nitride which is mixed with binderalon^ide ciystal parallel 
surface step which is accural] ated with sequential gravity . step 
which sets this deposit. Cutting off in built up direction, it 
designates that it is a manufacturing method of theinsulating 
sheet which includes with step which arranges crystal parallel 
surface in thethickness direction as feature. This is explained 
on basis of flow chart of Figure 3. First, hexagpnal crystal 
boron nitride (BN) and binder are mixed in step 10. As this 
binder, those which have rubber elasticity which possesses 
electrically insulating property, for example silicone rubber 
and fluororubber etc or thermal curing resin , for example 
epoxy resin and phenolic resin etcor it is a metal alkoxylate 
compound and a for example ethyl silicate etc. Furthermore, 
in addition organic solvent and water , alcohol etc 
tosuitableness with types of binder it is good, epoxy resin and 
hexagonal crystal boron nitride and, as binder until with MEK 
solution itbecomes primary particle, are agitated with high- 
speed stirrer. 

[0013] In addition, hexagpnal ciystal boron nitride (BN) is accu 
mulated in step 12, with gravity . In this case, you insert MEK 
solution of viscosity 100 to 10000 cps and preferably 200 to 
2000 cps in thecell, 1 week you leave in sealed container which 
does not have thevibratioa natural and settling doing with just 
its own weight of hexagonal crystal boron nitride, the crystal 
surface is designated as under, it is a method which orientation is 
done. 

[0014] After 1 week leaving, it applies on centrifuge, it compre 
sses with the centrifugal force ( step 14). In other words* if 
only it accumulated, interval of filler to belargp, because it has 
become kind of state where snow waspiled, when drying, binder 
between filler to be many remainderand thermal conductivity 
becomes small. Because of that, compressing with centrifugal 
force, it removes binderbetween filler, filler contacts more, 
deposition method is not limited inthis, if something which is 
accumulated inthe flaked should have been 

[0015] After this, scatter doing solvent, drying, solidification i 
t does withheating( step 16). After solidification, like step 18, 
slice it does in 0.1 mm extent, with suchas slice cutter 4 like 
step 20, it obtains insulating sheet la width at time of slice is 
decided by thickness of thenecessary sheet This time, 
thickness direction of sheet la, like Figure 4, in order to 
becomeparallel with crystal direction, you place on table 5, cut 
off in perpendicular direction. In order preferably , for sheet 
which is cut off not to be brokenwith impact after cutting off, it 
should have cut off in silicon gel. 

[0016] In addition, with this invention, static charge doing cry 
stal of hexagpnal crystal boron nitride,it designates that it is a 
manufacturing method of insulating sheet which includes with 
thestep which in counterelectrode arranges crystal parallel 
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surface of hexagonal crystal boron nitride in thickness 
directionas feature, production step is shown in Figure 5, 
manufacturing method of insulating sheet is explainedbelow, on 
basis of this flow chart. In step 30 of sane Figure, it is similar 
to aforementioned Working Example,to nix hexagonal crystal 
boron nitride (BN) and binder, with step 32, positive electric 
charge is given tothe hexagonal crystal boron nitride (BN). In 
addition, ground doing metal sheet 6 in step 34, with 
electrostatic force itarranges crystal parallel surface of 
hexagonal crystal boron nitride (BN) in thickness direction by 
static charge doing inneg^tive number. Next, like step 36, 
solidification doing binder on metal sheet 6 withheating, it 
forms insulating layer lb, like step 38, it obtains insulating 
sheet 1 a'. 

[0017] Furthermore, with this invention, static charge doing cr 
ystal of hexagpnal crystal boron nitride,while in 
counterelectrode it arranges crystal parallel surface of 
hexagonal crystal boron nitride in thickness direction 
itdesignates that it is a manufacturing method of metal circuit 
board which hardens resin ofthe binder as feature, production 
step is shown in Figure 6, manufacturing method of metal 
circuit board is explainedbelow, on basis of this flow chart. First, 
it is similar to aforementioned Working Example to mix 
hexagpnal crystal boron nitride (BN) andthe binder in step 40, 
to give electric charge to hexagonal crystal boron nitride (BN) 
in step 42, with electrostatic force to arrange crystal parallel 
surface of hexagonal crystal boron nitride (BN) in thickness 
direction in the step 44. 

[001 8] Next, in order to give self adhesiveness in step 46, it le 
aves binder inthe serricured (B stage) state, forms insulating 
layer lb on metal sheet 6, it superposes metal foil 7 fromon 
this insulating layer lb in step 48, does pressure bonding with 
such as heated press. In this way, like step 50, metal foil 7 
doing etching treatment , etc metal circuit board la" you obtaia 
Furthermore, remelting doing insulating sheet of semicured (B 
stage) state at time of thethermobonding in above-mentioned 
step 46, it glues, or applies adhesive andis good pasting together. 
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[0019] [Working Example 1] It mixes this binder and hexagona 
1 crystal boron nitride (BN) of average grain shape 30 jamas 
binder, makinguse of those which melt thermal vulcanization 
type silicon rubber in trichloroethane, uses the mixer homo 
mixer (Special machine processing make) and 1 hour disperses, 
viscosity is approximately 1500 cps. You insert this solution in 
special cell, leave in 1 week unvibrating chamber, after that, 
this cell is applied on centrifugal separator, deposit 
iscompressed. after that, you throw away supernatant, dry 
with ambient temperature,the scatter do trichloroethane. 
thermal vulcanization was done next, insulating sheet of 0.2 
nro was drawn up. 
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[0020] [Working Example 2] As binder, you use those which m 
elt bisphenol type epoxy resin in MEK, thehexagpnal crystal 
boron nitride of average grain shape 1 0 pm use 1 hour 
disperse mixer homo mixer (Special machine processing make). 
This mixed solution, it gives positive electric charge in air to 
atomized state and static charge does, liquid which static charge 
is done, with spray is applied toneg^tive number on copper 
sheet (0.3 mm) which static charge is done, scatter doing 
solvent, you apply heat, harden resin and drawup insulating 
sheet. 

[0021] [Working Example 3] Mixed solution of Working Exam 
pie 2, in same way as Working Example 2, positive electric 
charge isgiven in air to atomized state, liquid which static 
charge isdone,with spray is applied to negative number on 
aluminum sheet (3 mm) which thestatic charge is done. While 
electric charge was applied scatter doing solvent, you apply 
heat,harden resia However, it made semi cured (B stage) state, 
superposed copper foil of 35 (am, pastedtogether with hot 
press and drew up rretal substrate. 

[0022] [Comparative Example 1] Denki Kagaku Kogyo Kabush 
iki Kaisha (DB 69-056-8985) make " Denka heat release sheet 
"BFG-45 

[0023] [Comparative Example 2] Denki Kagaku Kogyo Kabush 
iki Kaisha (DB 69-056-8985) make metal substrate " Denka 
HIT plate " 

Each Working Example, Comparative Example is shown in Ta 
blel. 

[0024] 
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[Effects of the Invention] Above you explained sort, As for thi 
s invention, Arranging crystal parallel surface of hexagonal 
crystal boron nitride in thickness direction, connecting between 
thecrystal with binder, In this way, by fact that metal sheet it 
forms insulating sheet which it ispossible at least in one surface, 
it forms insulating sheet in one surface of the metal sheet as 
insulating layer, it tries to stick crystal parallel surface of so- 
called hexagpnal crystal boron nitride, theinsulating sheet and 
metal circuit board which are superior in thermal conductivity 
by arranging thiscrystal parallel surface in thickness direction, it 
can acquire. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a figure which shows crystal structure of insulatin 
g sheet of this inventioa 

[Figure 2] It is a figure which shows cross section of metal circui 
t board. 

[Figure 3] It is a figure which shows flow chart of production ste 
p of insulating sheet. 

[Figure 4] It is a figure which shows external appearance of fixtu 
re which is used forthe production of this inventioa 

[Figure 5] It is a figure which shows flow chart of production ste 
p of insulating sheet. 

[Figure 6] It is a figure which shows flow chart of production ste 
p of metal circuit board. 

[Figure 7] It is a figure which shows crystal structure of conventi 
onal insulating sheet. 

[Explanation of Reference Signs in Drawings] 
l,la,l a* insulating sheet 
la" metal circuit board 

2. crystal of hexagpnal crystal boron nitride 

3 binder 

4 cutter 
[Amendment 3] 

[Section of Amendment] Drawing 
[Amendment Item] All figure 
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[Amendment Method] Modification 
[Content of Amendment] 
[Figure I] 
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[Figure 2] 



[Figure 4] 
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[Figure 7] 
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[Figure 3] 
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[Figure 5] 
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[Figure 6] 



-L 



40 



BN %-&%.t*> 






















/ 50 







tiwjttti'rtijiiii wiirtiiHiiii 

(iKlltlMllltllllllllllliKlltlll 




O 



(IC(UI(li(tl/a«(i(lll(r|(l(M(t1 
LM>U<MIIM(llUfllllllW(IUMI 




71 
1b 

6 



ISTA's(^nvertedKDkai(tm), Version 1.2 (There may be errors in the above translatioa ISTAcannot 
be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.25 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ black borders 

□ image cut off at top, bottom or sides 
QKfaded text or drawing 
[^blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



